This report describes a case of liver failure secondary to pancreatoduodenectomy and rapid recovery following treatment. A 68-year-old woman with cancer on the ampulla of Vater underwent surgery for pancreatoduodenectomy. The patient developed liver failure 3 months postsurgically. She was hospitalized after presenting with jaundice, hypoalbuminemia and decreased serum zinc. Computed tomography (CT) of the abdomen showed a reduction in CT attenuation values postoperatively. We suspected fatty liver due to impaired absorption caused by pancreatoduodenectomy. We initiated treatment with branched-chain amino acids and a zinc formulation orally. Trace elements were administered intravenously. Two months after treatment, there was a noticeable improvement in CT findings. The patient's jaundice and hypoalbuminemia prompted a liver biopsy, which led to a diagnosis of non-alcoholic steatohepatitis.
Introduction
Fatty liver often develops in patients with obesity, diabetes and dyslipidemia. Simple fatty liver sometimes progresses to non-alcoholic steatohepatitis (NASH). A two-hit mechanism has been proposed to explain the progression of NASH to fatty liver [1] . NASH often progresses to cirrhosis and liver cancer associated with underlying inflammation and fibrosis [2] . Fatty liver can also be caused by kwashiorkor [3] . Malnutrition caused by fatty liver is considered to be a consequence of kwashiorkor, which has been reported to occur as a result of chronic hunger [3] . It has been reported that kwashiorkor can occur secondarily to gastrectomy [4] , ulcerative colitis [5] and type 2 diabetes [6] .
A case of fatty liver after pancreatoduodenectomy has been described previously. Jaundice due to steatohepatitis following pancreatoduodenectomy is a rare occurrence [7] [8] [9] [10] [11] . Our patient progressed rapidly to liver failure and jaundice subsequent to NASH. Fatal liver failure sometimes develops in patients with NASH. Sakada et al. [12] reported a case of NASH associated with anorexia nervosa which resulted in fatal hepatic failure. Acute liver failure occurred due to malnutrition related to NASH. The patient died as a result of liver failure despite receiving total parenteral nutrition and artificial hepatic support.
The patient in our case report was promptly treated with pancreatic enzymes, branched-chain amino acids (BCAA) and trace elements, and as a result the patient's blood test results and computed tomography (CT) attenuation values improved.
Case Report
The patient was a 68-year-old woman who underwent pancreatoduodenectomy for cancer on the ampulla of Vater. After being discharged from the hospital 1 month after the operation, the patient developed ascites and was rehospitalized. Jaundice and edema subsequently developed and the patient's performance dropped from grade 1 to grade 3. A diagnosis of acute liver failure was made. The patient was 145 cm in height, weighed 78 kg and had no history of alcohol or tobacco use or known allergies. Physical examination revealed a blood pressure of 96/51 mm Hg, a pulse rate of 101 bpm and a body temperature of 36.2°C. Blood laboratory findings showed mild elevation of aspartate aminotransferase (85 IU/l) and alanine aminotransferase. Platelet count was normal (17.8 × 10 4 /mm 3 ), albumin levels were low (1.3 mg/dl), prothrombin time was decreased by 41%, ammonia was increased to 193 µg/dl, and total bilirubin rose to 5.6 mg/dl. The liver disease was classified as Child-Pugh class C (table 1; fig. 1 ).
The average of the preoperative CT values for the right hepatic lobe, left hepatic lobe, hepatic portal region and abdominal region was 62.1 Hounsfield units (HU) ( fig. 2a ). Three months after the operation, the mean CT score was 1.0 HU. Absorption, as indicated by the mean CT score, was substantially lower postoperatively ( fig. 2b ). The change in CT attenuation values indicated that the patient's fat accumulation increased. Test results for hepatitis B surface antigen, hepatitis C virus antibodies, antimitochondrial antibody and antinuclear antibody were all negative. Viral hepatitis, autoimmune hepatitis and primary biliary cirrhosis were all ruled out.
Based on the findings above, we suspected secondary kwashiorkor [2] due to impaired absorption caused by the pancreatoduodenectomy. A diagnosis of liver failure was made and measures were taken to control abdominal dropsy. BCAA and Sanactase M were administered orally. The patient's serum zinc levels decreased to 29 μg/dl. A zinc formulation (Polaprezinc, 150 mg) was administered orally. We then administered zinc sulfate (17.25 mg) by intravenous injection (Mineralin ® , 97 μg/dl zinc). The serum zinc level then rose to 48 μg/dl, serum albumin increased to 2.7 g/dl, prothrombin time increased by 62%, NH 3 decreased to 33 µg/dl, total bilirubin rose to 1.0 mg/dl, and a Child-Pugh A score was achieved. The patient was in good general condition and was discharged ( fig. 1 ). The mean CT value improved to 32 HU ( fig. 2c) . Figure 3 shows a microscopic image of a liver section obtained following biopsy on day 35 of hospitalization. Lipid droplets and inflammatory cell infiltration of large lipid droplets were evident, and the portal areas appeared to be expanded due to infiltration of lymphocytes and fibrous tissue. Hepatocellular ballooning was evident. The liver showed extensive sinusoidal fibrosis. Based on these findings, a diagnosis of NASH was made.
Discussion
The case reported herein provides valuable insight into the pathophysiology of postoperative NASH. NASH can occur as a result of both malnutrition and overnutrition. Prior to surgery, the patient's BMI was 30.1 and no evidence of liver dysfunction or fatty liver was present based on blood test and abdominal CT scan results. Postoperatively, the patient developed low albumin levels and edema. She also developed dysfunctional absorption subsequent to invasive surgery, and hypoalimentation was suspected.
The liver failure experienced by our patient, who had low caloric intake and developed jaundice, hypoalbuminemia and hyperammonemia, could have been due to kwashiorkor [3] . It has been reported that kwashiorkor can occur secondarily to gastrectomy [4] . The presence of secondary kwashiorkor can be indicative of blind loop formation and exocrine pancreatic failure, and is associated with inadequate protein ingestion [4] . It has recently been reported that steatohepatitis occurs in 20-40% of patients who undergo pancreatoduodenectomy [7] [8] [9] [10] [11] . Pancreatoduodenectomy can result in deficiencies of vitamins and trace elements such as zinc, which can lead to fatty liver disease [7] [8] [9] [10] [11] . Abdominal CT scan results were also improved.
Exocrine function is lost as a result of pancreatectomy, and in the presence of intestinal malabsorption, the patient rapidly progressed to severe liver failure. The liver biopsy findings in our case included significant fat infiltration of the liver parenchyma and indicated that the liver failure was caused by rapid NASH. This finding, in combination with the time at which progression occurred, makes our patient a very rare case.
According to previous reports, non-alcoholic fatty liver disease and NASH following pancreatoduodenectomy can be improved by the administration of pancreatic enzymes [10] . After switching the patient's treatment from oral to intravenous zinc, serum zinc levels rose rapidly and ammonia levels declined. The latter result is consistent with a study by Marchesini et al. [13] , which showed that administration of zinc sulfate can reduce blood ammonia levels in liver cirrhosis patients, and with the known role of zinc in ammonia metabolism [14] . In urgent cases such as the one described in our report, pancreatic enzymes, BCAA and trace elements should be administered promptly.
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Fig. 3. Pathological examination of liver biopsy (HE stain, ×100
). The liver parenchyma shows a necrotic lesion accompanied by fibrosis and large droplets of fat (black arrowheads). The portal area was expanded due to infiltration of lymphocytes and fibrous tissue (blue arrowheads). No changes were seen in the bile ducts. Hepatocellular ballooning was evident (orange arrowheads). There was also mild to moderate fibrosis of the hepatic sinusoids (green arrowheads).
